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Abstract 

Phytotoxicology  Investigation  Report: 

UCAR  Carbon  Canada  Incorporated 

Welland-  1995 

Report  No:  SDB-020-35 1 1  -95 

In  1995,  tree  foliage  samples  were  collected  at  20  locations  in  the  immediate  vicinity  of  UCAR 
Carbon  Canada  Incorporated  in  Welland.  This  company  manufactures  carbon  and  graphite  elec- 
trodes. Analysis  of  the  samples  for  PAHs  identified  the  point  af  maximum  impingement  of  PAH 
emissions  from  UCAR.  A  point  of  reference  for  monitoring  compliance  with  a  Control  Order  to 
reduce  emissions  was  also  established. 


1  Introduction 

UCAR  Carbon  Canada  Incorporated  (UCAR),  manufactures  carbon  and  graphite  electrodes 
for  electric-arc  furnaces  at  a  Welland,  Ontario  facility.  The  facility,  consisting  of  numerous  buildings 
and  other  structures,  is  located  on  an  L-shaped  property  of  about  40  hectares  in  the  southern  part 
of  the  city. 

Carbon  electrodes  are  produced  by  mixing  calcined  anthracite  coal  or  petroleum  coke  with 
coal  tar  pitch.  The  mix  is  formed,  or  extruded,  and  then  baked  at  high  temperatures.  Graphite 
electrodes  are  produced  by  impregnating  the  carbon  electrodes  with  more  pitch  and  re-baking. 

Due  to  the  nature  of  the  raw  materials  used  and  the  high  temperatures  involved,  the  production 
of  carbon  and  graphite  electrodes  is  associated  with  emissions  to  the  atmosphere  of  a  variety  of 
organic  compounds. 

One  such  group  of  compounds  are  polynuclear  aromatic  hydrocarbons,  commonly  known  by 
the  acronym,  PAH.  Chemically,  these  compounds  consist  of  carbon  and  hydrogen  atoms  in  two  or 
more  fused  benzene  rings.  The  properties  of  individual  PAH  compounds  are  determined  by  the 
number  and  orientation  of  these  rings.  The  Appendix  to  this  report  contains  representations  of  the 
molecular  structures  and  some  physical  properties  of  16  common  PAHs. 

PAHs  can  be  formed  during  incomplete  combustion  of  organic  materials,  or  whenever  organic 
materials  are  exposed  to  high  temperatures.  In  nature,  PAHs  are  formed  in  forest  and  grass  fires, 
and  during  volcanic  activity.  Anthropogenic  sources  include  fossil  fuel  combustion  and  industrial 
processes,  such  as  coke  production.  As  a  consequence,  PAHs  are  commonly  encountered  in  surface 
soil  of  large  urban  centres,  especially  those  with  PAH  emitting  industries. 

PAHs  are  considered  semi-volatile  compounds.  The  boiling  points  of  the  compounds  listed 
in  the  Appendix  range  from  2 1 8°  C  for  the  double  ring  naphthalene,  to  in  excess  of  500°  C  for  the 
six-ring  PAHs.  In  the  atmosphere,  PAHs  are  absorbed  onto  suspended  particulates.  Only  the  lightest 
PAHs  with  relatively  low  boiling  points  have  a  significant  vapour  phase. 

In  the  environment,  PAHs  will  undergo  photo-degradation  and  metabolism  by  micro- 
organisms. The  rates  at  which  these  reactions  occur  depend  on  the  reaction  conditions  as  well  as 
the  relative  complexitity  of  the  PAH  molecule.  Consequently,  PAH  concentrations  in  environmental 
media  will  diminish  over  time,  once  the  source  is  removed. 

The  UCAR  facility  is  adjacent  to  residential  neighbourhoods  and  has  been  the  subject  of 
complaints  to  the  MOEE  Welland  District  Office  regarding  particulate  fallout  and  odours.  In  1992. 
this  office  requested  the  assistance  of  the  Phytotoxicology  Section  in  evaluating  the  impact  of  the 
PAH  emissions  from  UCAR  on  these  neighbourhoods. 
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A  survey,  consisting  of  a  collection  and  analysis  of  surface  soil  and  tree  foliage,  was  conducted 
in  1992  and  repeated  in  1993.  The  results  were  reported  in:  Phytotoxicology  Survey  Report:  UCAR 
Carbon  Canada  Incorporated,  Welland(J992  &  1993),  Report  No.  SDB-002-35 12-94.  This  report 
concluded  that  the  UCAR  operation  contaminated  the  surface  soil  on  neighbouring  residential 
properties  to  a  degree  that  exceeded  PAH  concentrations  found  in  the  soil  of  inner-city  parks  of 
large  cities.  The  zone  of  influence  was  limited  to  about  one  kilometre  from  the  plant.  Emissions 
and  deposition  were  ongoing  as  indicated  by  detectable  concentrations  in  tree  foliage  samples. 

In  February,  1994,  UCAR  was  served  with  a  Control  Order  requiring  identification  of  the 
sources  of  particulates,  "pitch  fumes",  and  PAHs  from  various  processes,  and  ultimate  abatement 
of  these  sources  by  installing  appropriate  emission  control  systems. 

2  1995  Survey  Design 

The  objectives  of  the  1995  survey  were  to  more  fully  delineate  the  zone  of  influence  of  PAH 
emissions  from  UCAR  and  to  establish  a  baseline  from  which  compliance  with  the  Control  Order 
could  be  monitored.  Twenty  new  sites,  all  located  in  the  primarily  residential  neighbourhood 
bounded  by  Ontario  Road,  Southworth  Street,  Humberstone  Road  and  Dain  Avenue,  were  estab- 
lished. The  1992  and  1993  surveys  had  revealed  the  highest  soil  and  tree  foliage  concentrations  of 
PAHs  within  this  area.  These  surveys  also  established  that  foliage  collected  outside  this  area  had 
PAH  concentrations  that  were  at  or  near  detection  limits. 

The  receptor  at  each  site  consisted  of  foliage  from  a  silver  maple  tree,  since  this  species  was 
the  most  common  in  the  neighbourhood.  Foliage  from  a  deciduous  tree  species  would  reflect  the 
net  accumulation  of  PAH  compounds  from  the  atmosphere  during  the  preceding  spring  and  summer 
months.  Uptake  of  PAHs  from  the  soil  would  be  negligible  since  they  are  not  readily  absorbed 
through  roots  or  translocated  within  plants.  Soil  would  not  be  an  appropriate  medium  to  use  in  this 
type  of  monitoring  since  it  would  reflect  deposition  over  an  extended  time  period,  complicated  by 
landscaping  activities  during  that  period. 

Figure  1  shows  the  location  of  the  20  new  survey  sites,  as  well  most  of  the  1992  and  1993 
survey  sites.  Table  1  lists  the  geographic  coordinates  of  the  new  sampling  sites  according  to  the  6° 
Universal  Transverse  Mercator  (UTM)  projection. 

3  Sampling  and  Analytical  Procedures 

Prior  to  sampling,  all  equipment  that  would  contact  a  sample  was  washed  with  a  laboratory 
detergent  solution,  rinsed  with  distilled  water,  and  then  sequentially  rinsed  with  acetone  and  hexane. 
Amber  glass  jars,  which  would  contain  the  samples,  had  aluminum  foil  lining  on  the  lid  and  had 
been  solvent-washed  by  the  analytical  laboratory. 
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Figure  1  :  Location  of  1 995  Sampling  Sites  -  UCAR  Carbon  Canada  Incorporated  Survey 
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Table  1:  Sai 

npling  Site  UTM  Coordinates 

Site 

Zone 

Easting 

Northing 

Site 

Zone 

Easting 

Northing 

16 

17 

0643000 

4759100 

26 

17 

0643270 

4758950 

17 

17 

0640000 

4758950 

27 

17 

0643280 

4758730 

18 

17 

0643000 

4758880 

28 

17 

0643280 

4758600 

19 

17 

0643070 

4759050 

29 

17 

0643280 

4758540 

20 

17 

0643080 

4758800 

30 

17 

0643340 

4758790 

21 

17 

0643090 

4758660 

31 

17 

0643510 

4758960 

22 

17 

0643170 

4759040 

32 

17 

0643510 

4758810 

23 

17 

0644180 

4758920 

33 

17 

0643520 

4758650 

24 

17 

0644180 

4758760 

34 

17 

0643520 

.  4758500 

25 

17 

0643170 

4758690 

35 

17 

0643680 

4758630 
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A  tree  foliage  sample  was  obtained  by  cutting  a  branch  from  the  side  of  the  silver  maple  tree 
facing  UCAR  and  removing  approximately  20  leaves.  These  leaves  were  cut  into  fragments, 
approximately  five  square  centimetres  in  size,  using  stainless  steel  scissors,  mixed  in  a  stainless 
steel  bowl  and  transferred  to  the  amber  glass  jar. 

All  sample  jars  were  labelled  and  the  locations  of  the  sample  trees  documented  to  facilitate 
re-sampling  in  the  future. 

The  foliage  samples  were  delivered  to  the  MOEE  Laboratory  Services  Branch  (LSB)  with  a 
request  to  determine  the  concentrations  of  the  PAH  compounds  listed  in  the  Appendix.  Details  of 
the  analytical  methods  can  be  obtained  from  the  laboratory  by  citing  method  PVAPAH-E3352A. 
This  method  reports  PAH  concentrations  in  vegetation  on  a  fresh  weight  basis. 

4  Results 

The  concentrations  of  the  individual  PAH  compounds  in  each  foliage  sample  are  listed  in 
Table  2.  Fifty-two  percent  of  the  foliar  concentrations  of  PAHs  were  below  the  analytical  detection 
limits,  indicated  by  the  code  '<W.  Another  23%  were  qualified  with  the  code  '<T\  indicating  a 
measurable  trace  quantity.  The  remaining  25%  were  not  qualified. 

To  simplify  the  task  of  data  presentation  and  interpretation,  the  concept  of  'Net  Total'  PAH 
concentrations  that  was  introduced  in  the  previous  report  was  applied  to  these  data.  This  approach 
provided  one  datum  representing  the  PAH  concentration  in  a  sample.  A  'Net  Total'  concentration 
was  calculated  by  summing  the  16  individual  PAH  concentrations  in  each  sample,  without  regard 
for  the  qualifiers,  and  subtracting  400  nanograms  per  gram,  which  was  the  sum  of  the  <W  detection 
limits.  The  'Net  Total"  concentrations  are  presented  in  Table  2. 

5  Discussion 

As  mentioned  above,  PAHs  are  frequently  encountered  in  soil  in  urban  areas.  However, 
vegetation  samples  with  detectable  concentrations  of  PAHs  have  only  rarely  been  encountered  by 
investigations  conducted  by  the  Phytotoxicology  Section.  These  rare  cases  were  catastrophic  events 
such  as  fires.  The  1992  and  1993  UCAR  surveys  were  noteworthy  for  being  the  first  instances  of 
encountering  PAHs  in  foliage  attributable  to  a  chronic  point  source.  It  source  be  noted,  however, 
that  PAH  analysis  of  foliage  has  not  been  a  routine  procedure  until  recently.  Undoubtedly,  detectable 
quantities  of  PAHs  are  present  in  vegetation  growing  close  to  other  point  sources. 

The  majority  of  the  samples  collected  during  the  1995  UCAR  survey  contained  PAH  com- 
pounds that  could  be  quantified.  Consequently,  the  survey  succeeded  in  establishing  a  baseline  for 
PAHs  in  foliage.  Sampling  at  the  same  locations  in  subsequent  years  will  provide  a  measure  of 
compliance  with  the  Control  Order. 
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Table  2: 

PAH  Concentrations  in  Silver  Maple  Foliage  (ng/g  f.w 
UCAR  Survey -1995 

•) 

Site 

16 

Site    17 

Site    18 

Site    19 

Site   20 

Site   21 

Site   22 

Site   23 

Site 

24 

Site  25 

Naphthalene 

20 

<w 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

40    <T 

40    <T 

40 

<T 

720 

Acenaphthylene 

20 

<w 

20  <W 

20  <W 

20  <W 

20  <w 

20  <W 

20  <W 

20  <W 

20 

<W 

20  <W 

Acenaphthene 

20 

<w 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

40     cT 

4.:. 

<T 

140 

Fluorene 

20 

<w 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20 

<W 

40    <T 

Phenanthrene 

20 

<w 

20  <W 

20  <W 

80    <T 

100 

60    <T 

20  <W 

80    <T 

140 

160 

Anthracene 

20 

<w 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20  <W 

20 

<W 

20  <W 

Fluoranthene 

40 

<T 

40    <T 

40     <T 

100 

260 

120 

60    <T 

120 

300 

380 

Pyrene 

40 

<T 

20  <W 

40    <T 

80    <T 

220 

100 

40     <J 

80    <T 

260 

320 

Benzo(a)anthracene 

160 

80    <T 

20  <W 

160 

120 

40    <T 

20  <W 

40    <T 

160 

240 

Chrysene 

160 

80    <T 

40    <T 

160 

280 

140 

80     <T 

120 

340 

540 

Benzo(b)fluoranthene 

40 

<T 

40    <T 

40    <T 

60    <T 

300 

100 

60     <T 

80    <T 

360 

520 

Benzo(k)fluoranthene 

20 

<W 

20  <W 

20  <W 

40    <T 

140 

20  <W 

20  <W 

40    <T 

160 

220 

Benzo(a)pyrene 

40 

<W 

40  <W 

40  <W 

40  <W 

240 

80    <T 

40  <W 

80     <T 

280 

400 

Benzo(g.h,i)perylene 

40 

<W 

40  <W 

40  <W 

40  <W 

80    <T 

40  <W 

40  <W 

40  <W 

160 

<T 

200 

Dibenz(a,h)anthracene 

40 

<W 

40  <W 

40  <W 

40  <W 

40  <W 

40  <W 

40  <W 

40  <W 

40 

<W 

40  <W 

lndeno(1 ,2,3-cd)pyrene 

40 

<W 

40  <W 

40  <W 

40  <W 

160    <T 

40  <W 

40  <W 

40  <W 

200 

280 

NET  TOTAL'  PAH  * 

340 

160 

80 

540 

1640 

480 

180 

500 

2140 

3840 

Site    26     Site    27     Site    28     Site    29     Site    30     Site    31     Site    32     Site    33     Site  34 


Site  35 


Naphthalene 

60 

<T 

40 

<T 

20 

<W 

40 

<T 

40 

<T 

40 

<T 

20 

<W 

40 

<T 

20 

<W 

20 

<W 

Acenaphthylene 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<w 

Acenaphthene 

20 

<W 

40 

<T 

20 

<W 

20 

<W 

40 

<T 

40 

■  T 

20 

<W 

20 

<W 

20 

<W 

20 

<w 

Fluorene 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<w 

20 

<w 

20 

<w 

40 

<T 

20 

<w 

Phenanthrene 

100 

80 

<T 

40 

<T 

80 

<T 

80 

<T 

100 

100 

40 

<T 

20 

<W 

20 

<w 

Anthracene 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<W 

20 

<VJ 

20 

<w 

20 

<w 

20 

<W 

20 

<w 

Fluoranthene 

100 

200 

120 

260 

140 

220 

220 

100 

20 

<W 

2C 

<w 

Pyrene 

100 

180 

100 

220 

140 

140 

140 

8 

<T 

20 

<W 

20 

<w 

Benzo(a)anthracene 

60 

<T 

120 

80 

<T 

120 

100 

80 

<T 

80 

<T 

20 

<W 

20 

<W 

20 

<w 

Chrysene 

160 

340 

260 

440 

240 

260 

260 

180 

40 

<T 

40 

<T 

Benzo(b)fluoranthene 

120 

240 

120 

160 

180 

100 

120 

180 

20 

<W 

20 

<w 

Benzo(k)fluoranthene 

60 

<T 

120 

40 

<T 

40 

cT 

e: 

<T 

80 

<T 

40 

<T 

100 

20 

<W 

20 

<w 

Benzo(a)pyrene 

80 

<T 

160 

<T 

40 

<W 

40 

<W 

160 

cT 

80 

<T 

80 

<T 

40 

<w 

4( 

<w 

40 

<w 

Benzo(g.h,i)perylene 

40 

<W 

40 

<W 

40 

<W 

40 

<W 

40 

<W 

80 

<T 

80 

<T 

40 

<w 

40 

<w 

40 

<w 

Dibenz(a,h)anthracene 

40 

<W 

40 

<W 

40 

<W 

40 

<w 

40 

<w 

40 

<W 

40 

<W 

40 

<w 

40 

<w 

40 

<w 

lndeno(1 .2.3-cd)pyrene 

40 

<w 

120 

<T 

40 

<W 

40 

<w 

80 

<T 

40 

<W 

40 

<W 

40 

<w 

40 

<w 

40 

<w 

'NET  TOTAL'  PAH  * 

640 

1380 

620 

1200 

1020 

960 

900 

580 

40 

20 

NET  TOTAL'  PAH  represents  the  sum  of  all  16  PAH  compounds  as  listed,  without  regard  to  analytical  qualifiers,  minus  400. 
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Samples  collected  at  sites  within  the  residential  area  but  located  at  greater  distances  from 
UCAR  approached  or  reached  non-detectable  concentrations.  This  confirms  that  the  area  of 
influence  by  UCAR  PAH  emissions,  as  measured  by  foliage  sampling,  is  restricted  to  the  residential 
area. 

To  visually  present  the  foliar  PAH  concentration  pattern,  the  georeferenced  'Net  Total' 
concentrations  were  analyzed  by  a  computer  running  Kriging  software  (Surfer™).  The  resulting 
isopleth  map  was  scaled  to  match  the  sampling  location  map  represented  in  Figure  1 .  The  sampling 
location  map  was  greyed  out  and  the  isopleth  map  was  superimposed  onto  it.  The  resulting  image 
is  presented  as  Figure  2  below. 


Figure  2:  PAH  in  Tree  Foliage  Concentration  (ng/g  f.w.)  Isopleths  -  UCAR  1995 
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To  avoid  implying  knowledge  of  potential  PAH  concentrations  in  areas  were  there  were  no 
sampling  points,  the  limits  of  the  isopleth  map  were  set  at  200  metres  beyond  the  most  northerly, 
easterly,  southerly  and  westerly  sampling  locations.  The  contours  were  set  at  500  ng/g  intervals. 

The  contouring  procedure  emphasizes  that  the  highest  'Net  Total'  PAH  concentration,  3,840 
ng/g,  occurred  at  Site  25.  The  second  highest  concentration,  2, 140  ng/g,  occurred  at  Site  24,  located 
about  70  metres  north  of  Site  25.  The  third  and  fourth  highest  concentrations  occurred  at  Sites  20 
and  27,  both  of  which  are  in  the  general  vicinity  of  the  two  highest  sites.  These  observations  suggest 
that  the  point  of  maximum  impingement  is  at  or  near  Site  25. 

Interestingly,  Sites  18  and  21  which  are  actually  closer  to  the  UCAR  facility  than  any  of  the 
four  sites  just  mentioned,  have  much  lower  PAH  concentrations.  Site  18,  with  80  ng/g  'Net  Total' 
PAH  is  similar  to  the  most  distant  Sites  34  and  35.  There  may  be  two  reasons  for  such  relatively 
low  PAH  concentrations  at  Sites  so  close  to  UCAR.  One  may  be  that  the  trajectory  of  emissions 
bypasses  these  locations.  Another  may  be  that  structures  near  these  two  low  concentration  sites  are 
sheltering  the  foliage  from  PAH  deposition. 

A  repeat  sampling  using  an  expanded  network  of  sites  can  resolve  this  question.  Such  sampling 
may  also  determine  if  the  area  of  maximum  impingement  is  geographically  static. 

6  Conclusions  and  Recommendations 

Emissions  of  PAH  compounds  by  the  UCAR  Carbon  Canada  Incorporated  plant  in  Welland 
are  ongoing  as  revealed  by  the  detectable  and  quantifiable  PAH  concentrations  in  tree  foliage.  The 
area  that  these  emissions  impinge  is  located  within  the  residential  neighbourhood  to  the  north  and 
east  of  the  UCAR  facility,  but  not  beyond  this  area.  The  area  of  maximum  impingement  appears 
to  be  at  an  intermediate  distance  from  the  source. 

By  sampling  at  the  same  and  additional  locations  in  subsequent  years,  it  will  be  possible  to 
more  accurately  define  the  zone  of  impact,  confirm  the  location  of  the  maximum  impingement,  as 
well  as  indirectly  monitor  compliance  with  the  Control  Order. 
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7  Appendix 

Molecular  Structures,  Formulae  and  Weights  and  Boiling  Points  of  16  Polynuclear  Aromatic  Hydrocarbons 


*^ 


NaphthaJene 
CioHb 

MW  =  128.18 
BP  =  218 


Benzo(a)anthracene 

C18H12 

MW  =  228.30 

BP  =  435 


Acenaphthylene 
C12H8 

MW=  152.20 
BP  =  270 


Chrysene 
C18H12 

MW  =  228.30 
BP  =  448 


Acenaphthene 
C12H10 

MW=  154.20 
BP  =  278 


Benzo(b)fluoranthene 

C20H12 

MW  =  252.32 

BP  =  481 


Fluorene 
C13H10 

MW=  166.23 
BP  =  295 


Benzo(k)fluoranthene 

C20H12 

MW  =  252.32 

BP  =  481 


Phenanthrene 
Ci«Hio 

MW=  178.24 
BP  =  339 


Benzo(a)pyrene 

C20H12 

MW  =  252.32 

BP  =  495 


Anthracene 
C14H10 

MW=  178.24 
BP  =  340 


Fluorarrthene 
C16H10 

MW  =  202.26 
BP  =  375 


Benzo  (g ,  h ,  i)  perytene 

C22H12 

MW  =  276.34 

BP  =  525 


Dibenz(a,h)anthracene 

C22H14 

MW  =  278.36 

BP  =  524 


Pyrene 
C16H10 

MW  =  202.26 
BP  =  393 


lndeno(1 ,2,3-cd)pyrene 

C22H12 

MW  =  276.34 

BP  =  536 
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